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that the reaction is subjected to slight positive salt
effect.
Tile course of the reaction has been studied at
various temperatures in the range 30-40° and the
1·5 order rat.e constants have been calculated at
dirierent temperatures. The values of energy of
acrivat ion , frequency factor and entropy of act iva-
tion arc 6·9±O·43 kcal mole'", S·7g±O·S8x102\itre
mole:" sec-l and 62·23 ± 1·5 e.u. respcct ively In
lIeneral when two anions come together to form the
~ctivated complex, the resulting entropy of activa-
tion for react ion is larg e anel negative. Frorn the
above data one can postulate an ionic transition
state which has extensive charge separation resulting
from the transfer of electron from thiourea to ferric
chloride, This finds support from the observat ions
recorded by Behera". " ' .
The reaction mixture of terric chloride and
thiourea was kept for 36 hr , It was found that
the yellow sulphur settles at the bottom. The
solution w.is filtered and extracted with ether. Alter
e\'aporation of ether layer, white crystals were ob-
tained. The compound was identified as urea.
The aqueous layer was analysed for the prese~ce
of ferrous or ferric. The presence of ferrous JOn
was detected by usual semimicro tests. The different-
stages involved in the reaction may be represented
by Eqs. (1-3) and the overall reaction by Eq. (4):
FeCl3+~CS(:;\H2W = Fer 12+~CS("KH2)2++2Cl- .' (1)
2(l-+H20 = 2HCI+02- .' (2)
CS(~H2)~++02- = CO(NH2)2+S ,.,(3)
2FeC13+CS(KH2)d ..H20 = 2FeC12+2HU+S
+CO("KH2)2 ,.,(4)
Two of the authors (S.~,K, and Y.B,V.) are thank-
Jul to Shr i G. R. :\lhaisek,~r, Princijo.l , yeshwant
::\!:l};cyi\'F!;\ya, :\~,l1de(l, for his encouragem~nt,
gui<.lance anrl for provid iru, Pt'C{'SS<lIY Iac ilit ics.
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Molecular adsorption and ion exchange of fatty
acids (formic to n-butyric) and mono-, dl- and tri.
chloroacetic acids on sodium. potassium and magne-
sium forms of Amberlite-IR-120 have been studied.
The experimental data show that the molecular
adsorption increases with the chain length of the
*Author to whom all correspondence should be addressed.
NOTES
hydrocarbon part of the acids for all salt forms of the
resin. The sequence of ion exchange for all the salt
forms of the resin is propionic <acetic<formic. The
position of rr-butyrtc acid is not unique due to the
effect of its chain Ierrgfh. For the chloroacetlc acids,
the sequence of ion exchange is mono- <dt- <tri-
chloroacetic and that of adsorption is tr-i- <di- <
monochloroacetic.
STAROBINETS and Kharevich- studied the
molecular adsorption of fatty acids on different
ionic forms of a cation-exchange resin. But they
did not show the simultaneous ion exchange of
these acids on the cation-exchange resin, when its
counter ions were other than H~. Starobinets and
Gleim" were the first to differentiate between mole-
cular adsorption and ion exchange of weak organic
electrolytes on an anion-exchange resin. Errnolenko
and Sviric.ova" and Tsitovich and Kuz'menko! tried
to show the simultaneous molecular adsorption
and ion exchange of weak electrolytes using only
anion-exchange resins. But no such attempt has
been made with a cation-exchange resin. In this
paper, differentiation between molecular adsorption
and ion exchange of straight chain carboxylic acids
(from formic to n-butyric acids) as well as three
chloro-substituted acetic acids on Na+, K+ and Mg2+
forms "of a strongly acidic cation-exchange resin,
Amberlite IR-120, has been presented.
Amberlite IR-120 was converted into H+ form
by treating with 2N HCl solution. The total
exchange capacity of the hydrogen form resin was
determined as 4·90 ± 0·04 meq/g of dry resin. The
H+ form resin Vias then converted into Na+, K+ and
Mg2+ forms.
The experiments were performed at loom tempe-
ratures (300 ± 2°). Weighed amounts (1 g) of the
air-dried resin of known moisture content were mixed
with acid (AR) solutions of known initial concen-
trations in ground stoppered Jena bottles and shaken
in a mechanical shaker for 4 hr and then kept for
48 hr to attain equilibrium. After attainment of
equilibrium, the acids were estimated by alkalirnetric
titrations using phenolphthalein indicator. Con-
centrations of Na" and K+ in equilibrium solutions
were determined using an EEL flarnephotometer
with suitable filters for sodium and potassiums. The
concentration of Mg2+ (for magnesium form resin)
in the final solution was determined by EDTA titra-
tion using Eriochrome Black-T indicator", The
concentrations of these ions gave the ion-exchange
value. The difference between initial and final
concentrations gave the total sorption of the acids.
Adsorption as well as ion-exhange isotherms of
carboxylic acids are presented in Fig. 1. For all the
salt forms of the cation-exchange resin, the molecular
adsorption of the carboxylic acids increases in the
order, formic < acetic < propionic < n-butyric and
for chloroacet ic acids the order is, trichloroacetic <
dichloroacetic < monochloroacetic. The order of
ion exchange for carboxylic acid is n-butyric< pro-
pionic < acetic < formic and for chloroacet ic acids
it is monochloroacet ic < dichloroacet ic < trichloro-
acetic. This shows that lower dissociation constants
of the carboxylic acids lead to higher adsorption
927
INDIAN J. CHEM., VOL. 15A, OCTOBER 1977
4b ~---.
E
'$-0.2
!··c·~·...·
-~'~ .-- ~
." .•...' 3b -- - E,"" ,.....----2b _--- ~__ - __ -- 2.~ _
»>:". -- I!._------ I E
_---- 3. ~
..-:- 4 -t
.~
o.,
c
':iI
o 0.6 0.90.3
(qultibriu", COMfntration(Iqv{litr.)-
Fig. 1 -----:Ion exchange (a) and adsorption isotherms (b) of
carboxylic acids on the K+ form of Arnberhte IR-120
[(1) Formic, (2) acetic, (3) propionic and (4) n-butyric acids]
and consequently ion exchange is lower. The dis-
socia: ion constant" decreases with the chain length
of the carboxylic acids, excelJting in the case of
I.-butyric acid. The dissociation constant of 1/-
but yrrc acid is higher than that of propionic acid.
So, besides dissociation constant, chain length effect
also plays an important role in adsorption as well
as in ion exchange of the carboxvlic acids. The
dissociation constants of chloroacetic acids increase
with the number of substituted chlorine atoms.
Accordingly, adsorption decreases and ion exchange
increases from mono- to trichloroacetic acid.
The behaviour of molecular adsorption and ion
exchange of a particular acid with the three different
salt forms of the resin are compared in Table 1.
From the Table 1 it is seen that, except in the
case of formic acid, exchange of H+ from the acids
by the different salt forms of the resin follows the
same order, e.g R2Mg <RK<RNa. The exchanging
powers of the ions with the hydrogen form of the
cation-exchange resin increases in the order Na+
<K+<Mg2+. Naturally, the competing H+ ion of
the acids is exchanged for the above ions in the order
R2Mg<RK<RNa.
T.\BLE 1 - ORDER OF ADSORPTlO:-< AND ION EXCHA!'IGE OF
DIFFERE!'IT CARBOXYLIC ACIDS ON
DIFFERE!'IT SALT FOR~!S OF THE RESIN
Acids Ion exchange Adsorption
Formic
Acetic
Propionic
n-Butyric
Monochloroacetic
Dichloroacetic
Trichloroacetic
R,Mg<R~a<RK
R,;\ig<RK<RNa
R,:Mg<RK<RNa
R,Mg<RK<RNa
R.Mg<RK<RNa
R,Mg<RK<RNa
R,Mg<RK<RNa
RNa<R2Mg<RK
RNa<R.Mg<RK
R,Mg<RNa<RK
R2Mg<RNa<RK
RNa<R.Mg<RK
RNa~R.Mg<RK
RNa~R2Mg<RK
R= resin matrix.
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It is expected that adsorption of the acids would
be highest by the Mg2+ form of the resin and least
by the Na+ form. The anomalies, observed in the
case of l\fg2+ form, may be due to the formation of
complex between 1'Ir;2+and the carboxylate anions.
One of the authors (S.K.A.) thanks the UGC,
New Delhi, for the award of a fellowship.
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The pKa values of p-bromobenzoic acid and p-Iodo-
benzofctacid in ethanol-jwater mixtures (8-76 wt o~
of ethanol) have been determined using conducto-
metric method suggested by Gelb with modification.
The results have been further verified by Fuoss and
Kraus method. The role of solvents on the dissocia-
tion constants has been discussed.
IN continuation of our st udics"? Oil the dissocia-
tion constants of weak acids by conductomet ric
methods, we report in this note the dissociation
constants of p-bromo- and p-iodobenzoic acids in
ethanol-water mixtures by Gelb's" method.
The results have been further verified bv the
method due to Fuoss and Kraus5•6• "
Ethanol was purified and the weight-percentages
and the relative perrnit t ivit ies of ethanol-water
mixtures were determined as described before--".
p-Bromo- and P-iodobenzoic acids (Purum, Fluka)
were recrystallized from alcohol. The acids and
HCl04 (GR, Merck) were estimated volumetrically
using 'NaOH (GR, Merck] standardized with
succinic acid (GR, Merck) and potassium hydrogen
phthalate (Baker analysed) in the usual way.
Conductance measurements were made at 250
± 0'02° using a Leeds-Northrup model 4959 con-
ductance bridge with a sensitivity of ± 0·1%. A
50-60 cycle signal was employed. A clip-type Pni lips
conductance cell with cell constant e = 0·85 crrr"
was utilized.
The dissociation constant of a weak acid in
presence of completely dissociated HCl04 is Ginn
by Eq. (1)
K = ex.(lXCHA +CHC10,) xli ( )
(i-ex.) .,. 1
